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Book ReviewScience evolves, and over the last 
decade we have witnessed the emer-
gence of a new scientific “genotype,” 
formed as a recombinant of physics 
and biology. This new hybrid has in 
many ways expanded the reach of tra-
ditional biophysics beyond a focus on 
the physical properties of biological mol-
ecules toward the quantitative study of 
all biological systems and processes. 
The widely acknowledged need for new 
quantitative tools to assimilate data and 
generate knowledge is the main driving 
force for the growth of this field.
What contributes most to the intellec-
tual excitement of the field is, perhaps, 
the creative conflict of the physicist’s 
desire to simplify and generalize 
with the biologist’s focus on the 
specific with its seemingly unend-
ing diversity. Physical Biology of 
the Cell—an ambitious new text-
book written by Phillips, Kondev, 
and Theriot—begins with a beautiful 
quote from the 20th century writers 
Jorge Luis Borges and Adolfo Bioy 
Casares (On Exactitude of Science) 
who describe an imaginary centu-
ries-old “Map of the Empire” that 
was so accurate that it occupied the 
whole empire and in fact “coincided 
point-for-point with it.” The map evi-
dently was useless.
What principles should guide 
today’s cartographers as they map 
out the biology of the cell? The typi-
cal approach would, for example, 
focus on the nucleus and then mag-
nify in an increasing degree of detail 
all of the different aspects of nuclear 
structure and function. In this way, 
the classic textbook Molecular Biol-
ogy of the Cell by Alberts et al. (also pub-
lished by Garland Science) discusses 
the global structure of chromosomes 
next to a section on chromosome rep-
lication. This is a tried and true method 
of organizing knowledge that has taught 
generations of scientists.
Physical Biology of the Cell is clearly 
intended as a companion volume to 
Molecular Biology of the Cell, and like its 
famous forerunner, Physical Biology of 
the Cell also zooms in on its subjects. Yet 
its subjects are not defined by a specific 
location on the map of the cell. Instead, 
the book focuses on physical concepts 
or phenomena that cut across multiple 
biological structures and functions. For 
example, Chapter 10 “Beam theory: 
Architecture for Cell and Skeletons” is 
dedicated to mechanics, discusses the 
role of DNA looping in transcriptional 
regulation, chromatin structure, and the 
cytoskeleton, and includes the principles 
of atomic-force microscopy. In contrast, 
in Molecular Biology of the Cell, the 
cytoskeleton—itself a 70 page chapter—
is ~400 pages and 6 chapters away from 
chromatin.
Needless to say, the “Beam theory” 
chapter of the Physical Biology of the 
Cell is not a place to learn all there is to 
know about the cytoskeleton and chro-
matin. However, it does have a remark-
ably cogent presentation of the key 
ideas of the theory of elasticity, firmly 
anchored by specific biological exam-
ples. This exposition ramps up gracefully 
toward increasing conceptual and math-
ematical sophistication. A lucid exposi-
tion of entropic elasticity of polymers is 
used to estimate the energetic cost of 
DNA looping and its consequence for 
transcriptional regulation. Similarly, a 
question of how much force might be 
exerted by a single cytoskeletal filament 
is answered by analyzing the buckling of 
elastic beams. Here, Physical Biology of 
the Cell is at its best: taking a reader with 
a modest background all the way to the 
frontier.
Physical Biology of the Cell is driven 
by the desire to provide a quantitative 
view that complements the traditional 
cartoon representation of biological 
mechanisms: an approach that is capa-
ble of exposing gaps in our understand-
ing and is well suited for generating 
hypotheses to guide new experi-
ments. The opening chapter of Part 
I “The Facts of Life” is a convincing 
argument for the utility of quantita-
tive modeling in biology. It ends with 
a provocative description of how 
even “wrong” models could drive 
breakthrough experiments. These 
of course would need to be wrong 
in a nontrivial way. A model does 
not need to be an exact map—it is 
merely a scaffold helping us to build 
our understanding of the phenom-
enon. Subsequent chapters survey 
biological structures and processes 
with the emphasis on providing the 
reader with quantitation of the rel-
evant length and timescales. The 
conclusion of Part I covers some of 
the most common biological model 
systems, from phages to flies, 
emphasizing their historical contri-
bution to the development of mod-
ern biology. This is a pleasure to 
read and would be useful for a new-
comer to biology, making Physical Biol-
ogy of the Cell more self-contained, but 
it clearly does not aspire to go beyond a 
superficial survey.
Parts II and III comprise the core of 
the book, exposing readers to ideas 
from physics that are relevant to a wide 
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range of cellular processes. Just as 
importantly, these chapters provide an 
introduction for cell biologists to the cul-
ture of quantitative estimation. This is 
achieved by putting an interesting phys-
ics perspective on numerous biological 
phenomena.
Part II “Life at Rest” begins with a 
discussion of the metabolic energy flux 
and energetics of molecular biosynthe-
sis. It then proceeds to introduce the 
concepts and mathematics of equilib-
rium statistical mechanics: the com-
promise between minimizing energy 
and maximizing entropy represented by 
minimization of free energy (Ch. 5–7). 
The problems of receptor-ligand and 
protein-DNA interactions are used effec-
tively to illustrate entropy and the count-
ing of possible states and their prob-
abilities (the Boltzmann ensemble) (Ch. 
6). These methods are then extended 
to describe the behavior of macromol-
ecules with multiple internal states (for 
example, ion channels), followed by an 
analysis of cooperativity in the Monod-
Wyman-Changeux model of allosteric 
transitions. Subsequent chapters use 
entropy to describe the behavior of mac-
romolecules in the form of random-walk 
models, and electrostatics of aqueous 
solutions to introduce the screening phe-
nomenon and its mathematical descrip-
tion via the Poisson-Boltzmann equa-
tion. In Chapter 10, discussed above, 
the reader is guided from Hooke’s law 
of the behavior of springs to a concep-
tually and mathematically sophisticated 
calculation of entropic elasticity of DNA 
molecules. This section also presents an 
interesting analysis of DNA packing in 
virus capsids and DNA wrapping around 
nucleosomes. Part II then concludes 
with discussions of membrane stiffness 
and organellar shape.The book’s momentum is sustained 
throughout Part III “Life in Motion,” 
which begins with chapters on fluid 
dynamics (such as blood flow), diffu-
sion and molecular signaling, and the 
effects of molecular crowding and exclu-
sion forces. A further chapter deals with 
rate equations, building up to a discus-
sion of cytoskeletal polymerization and 
dynamic instability. “Dynamics of Molec-
ular Motors” is particularly good, making 
effective use of the concepts in statisti-
cal physics introduced earlier. Likewise, 
the chapter entitled “Biological Electric-
ity and the Hodgkin-Huxley Model” is an 
excellent introduction to electrophysiol-
ogy and the initiation and propagation of 
action potentials in neurons.
Compared to the high standard set by 
the first three parts, Part IV “The Mean-
ing of Life” is a bit of a let down. Although 
the “Sequences, Specificity, and Evolu-
tion” chapter gives a nice discussion 
of molecular mechanisms of fidelity, 
it presents a rather superficial view of 
alignment and hardly anything on evolu-
tion. The next chapter “Network Orga-
nization in Space and Time” pushes on 
into systems biology, discussing regula-
tion of gene expression in development 
and focusing on a statistical mechanics 
model of positive and negative regula-
tion. It provides an analysis of a genetic 
switch and an oscillatory genetic net-
work, nicely introducing phase space 
analysis of ordinary differential equa-
tions and linear stability analysis. The 
latter is pedagogical and quite good, yet 
it becomes difficult to understand the 
choice of material that made it into Part 
IV as it pushes the envelope beyond the 
biology of the cell proper. How far should 
this section go into bioinformatics, phy-
logenetics, evolution, and developmen-
tal biology? The “Meaning of Life” (and Cell 139, Nits relation to physics) could certainly 
provide enough material for another 
hefty volume and one is left hoping that 
the authors might pursue the subject in 
their next book.
Physical Biology of the Cell is beauti-
fully crafted: self-contained and modu-
lar, it provides tutorials on fundamentals 
and has material to hold the interest of 
a more sophisticated reader. It is fast-
paced, proceeding within each chapter 
from freshman basics to graduate-level 
sophistication. The book requires mini-
mal prerequisites: a curious mind and 
undergraduate calculus will go a long 
way. It can be used as an undergradu-
ate or early graduate biophysics course 
in a physics or engineering department. 
In the context of a molecular cell biology 
course, it could complement Molecular 
Biology of the Cell (or its equivalent), 
serving as a vehicle to introduce biology 
students to a quantitative way of thinking 
about biology. To truly master the phys-
ics presented in the book, one should do 
the problems provided with each chap-
ter. These problems are well thought out 
and are a major teaching resource. (The 
instructor can also obtain a set of solu-
tions.) Because of these features, Physi-
cal Biology of the Cell offers a great deal 
of flexibility as a teaching tool.
Returning to the matter of evolution 
of science, it is fair to say that the new 
hybrid, whether called biological physics 
or physical biology, is now sufficiently 
established that it will not go extinct. 
The question is whether the field will 
now “speciate,” limiting the exchange of 
ideas—those genes of science—with the 
rest of biology. By explaining and advo-
cating the ideas of physics to the biology 
community at large, Physical Biology of 
the Cell is the best entry yet to prevent 
this separation from happening.
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